Fifty-six species of myxomycetes representing 26 genera were identified from 371 collections that originated almost exclusively from 270 moist chamber cultures prepared with samples of decaying plant material collected on the Taimyr Peninsula (Russia, north-central Siberia) and in the adjacent Putorana Plateau. Species numbers decrease progressively from northern taiga and forest-tundra over southern tundra to the typical tundra subzone. Forty species in 18 genera were recorded in the northern taiga subzone, 40 species in 19 genera in forest -tundra, and 25 species in 17 genera in the tundra subzones. A taxonomic specificity or community endemism of myxomycete assemblages in tundra as compared to those of northern taiga communities was not found. In general, the myxomycete biota of the tundra zone of the Taimyr Peninsula can be considered as an impoverished biota of the northern taiga subzone. Ten ubiquitous species were recorded from at least one half of all studied localities. The aYerage number of species per genus (2.1) calculated in our study indicates a rather low species diversity for high latitudes, contrary to the biotas of temperate and tropical zones where this ratio ranges from 2.2 to 4.6. Values for coefficient of community, calculated for all pairwise combinations of different study areas in the Arctic, ranged from 0.45 to 0.63 , thu s indicating fairly high levels of similarity among arctic and subarctic myxomycete biotas.
Myxomycetes (plasmodial slime moulds) are common inhabitants of decaying plant material in boreal forests of the taiga zone, as shown by several studies in Alaska (Stephenson & Laursen 1990 , 1998 , Scandinavia (Eliassen & Strid 1976; Harkonen 1978 Harkonen , 1979a Johannesen 1984; Schinner 1983) , and north-western Russia (Novozhilov 1985; . Probably some species common in the taiga can move farther north to the zone of foresttundra and tundra, invading new and unusual microhabitats. At present, myxomycete communities of open forest-tundra, tundra, and herbrich grassland ecosystems of high-latitude regions of the Arctic and Subarctic have received relatively little study (Ing 1994) . Major surveys have been carried out in certain regions of the Subarctic and Arctic, including Iceland (G0tzsche 1984, 1990) , Greenland (G¢tzsche 1989) , Alaska (Stephenson & Laursen 1990 , 1998 Stephenson et al. 1994 ) , and the northern biological province Inarin Lappi in Finland (Harkonen 1979b) . Available information for the myxomycetes of the Russian Arctic is fragmentary and rather meagre (Novozhilov et al. 1998a, b) . Only a few papers with species lists for some areas such as the Khibine Mountains in the Kola Peninsula (Novozhilov & Schnittler 1997) , the Chukchi Peninsula (Novozhilov 1986 , Stephenson et al. 1994 , and the Taimyr Peninsula (Novozhilov & Schnitt1er 1996) have been published previously. The primary objective of the research reported herein was to obtain data on the distribution and ecology of myxomycetes in tundra, forest-tundra, and northern taiga forest ecosystems of the Taimyr Peninsula of northcentral Siberia and adjacent areas of the Putorana Plateau.
Materials and methods
The main sources of information used in the present study were specimens obtained from moist chamber cultures of various substrata, especially those on which corticolous and fimicolous species of myxomycetes are known to occur, and to a lesser extent field collections of myxomycetes. For each vegetation unit, an effort was made to examine all types of microhabitats upon which sporocarps of myxomycetes might be expected. These included the bark surface of living trees and shrubs, litter of shrubs and trees as well as from various herbaceous plants, and the dung of herbivorous animals . Two hundred and seventy moist chamber cultures were prepared as described by Harkonen (1977, 198la) and Stephenson (1985 Stephenson ( , 1989 and maintained for up to 2.5 months. Herein, a 'collection' is defined as one or more fruiting bodies considered to have originated from a single plasmodium (Stephenson 1989) . In virtually all cases, this could be determined without difficulty. For moist chamber cultures, the occurrence of one species in one Petri dish was considered as one collection . For each moist chamber, pH values were determined using an Orion model 610 pH meter.
Myxomycete communities were compared using the Sorenson -Czekanowski coefficient of community (Roberts 1986 ). This index ranges from 0 (no species in common) to 1 (all species are members of both communities). Species diversity indices were calculated using Shannon's formula (Shannon & Weaver 1963 ). Species di versity (H') = -l: P; log P;, where P is the relative abundance of a particular species (the p;oportion of the total number of individuals represented by species i). Maximum values for this diversity index are usually observed when there are many species with equal abundances. Values decrease with both a reduction in the number of species and an increase in abundance of a very few species.
Nomenclature used herein follows Martin & Alexopoulos (1969) for myxomycetes, with a few exceptions indicated by taxonomic references, and Czerepanov (1995) for vascular plants. For determination, sporocarps were often preserved as permanent slides in polyvinyl lactophenol and/or glycerol gelatine, to distinguish between limeless and lime-containing structures. Colour descriptions in taxonomical comments are given according to Petersen (1996) . In several cases, sporocarp structures were studied with a JEOL 35c scanning electron microscope (SEM) at St. Petersburg. Specimens are deposited in the Komarov Botanical Institute of the Russian Academy of Sciences, Laboratory of Systematics and Geography of Fungi (LE), as well as in the private collection of the second author, which is stored at the herbarium Haussknecht, Jena, Germany (JE).
Study area
The Taimyr Peninsula and the adjacent Putorana Plateau are some of the harshest landscapes of north-central Siberia. The highly continental climate is characterised by winter temperatures that drop as low as -45 °C. Average January and July temperatures are -30.6° and + 11.4 °C, respectively. In summer, the temperature rises rapidly, exceeding +10 oc at the end of June. Maximum air temperatures in July can be very high in the tundra and may reach 20 °C. The annual precipitation in the region ranges between 300 and 350 mm, with approximately one-third falling as rain in July-August (Chernov & Matveyeva 1997; Romanova 1971 ) .
Study sites included all typical plant communities in the tundra, forest-tundra and northern taiga. These three vegetation zones intergrade frequently within relatively small distances, often resulting in a egetation mosaic. Therefore, an exact geographical delimitation is almost impossible (Alexandrova 1977 , Kozhevnikov 1996 , Sirois 1983 , Tikhomirov 1970 . On the Taimyr Peninsula, the tundra belt extends 600-700 km from south to north, with a southern border at about 72 °N (Fig. 1) . In the south, it borders the fores t-tundra and in the north the polar desert (Fig. 2) . As an ecotone, the forest-tundra zone connects the two contrasting types of landscape (Chernov & Matveyeva 1997) .
Myxomycete and substratum samples were collected from mid-June to mid-July during the Fig 1. Geographical location of the Taimyr Peninsula within Ru ssia. A solid line indicates the northern limit of boreal forests according to Tolmachev (1960) . 1995-96 field seasons at 10 localities (Figs. 1, 2 ). These are listed below.
1. Putorana Plateau, slopes of hills called "Krasnyi Kamen'", ca. 80 km N of the city of Norilsk, 69°29' N, 88°32' E; 2. Taimyr Peninsula, Kayak settlement, the watershed of the Kotuy River, 71 °30' N, 103°00' E; 3. Kheta settlement, the watershed of the Kheta River, 71°31' N, 99°24' E; 4. Khatanga city, the shore of the Kazach'ia River, 72°00' N, I 02°38' E; 5. Zhdanikha settlement, the watershed of the Khatanga River, the Nuzhdina Gulf, 72°17' N, 103°22' E; 6. Pekas-Khory Island, the watershed of the Khatanga River, 72°27' N, 103°30' E; 7. The watershed of the Khatanga River on the Oboynaya Gulf, 72°28' N, 104°15' E; 8. Starorybnoe settlement on the northern bank of the Khatanga River, 72°45' N, 104°50'E; 9. Severnyi Promontory in the region of the watershed of the Khatanga River, 72°46' N, I05°14'E; 10. The Kosmatyi Promontory on the watershed of the Khatanga River, 73°39' N, 109°42' E.
Elevations of study sites on the Putorana Plateau (Joe. 1) vary between 100 and 200 m above sea level, resulting in the presence of all vegetation zones from northern taiga to montane polar desert (Kozhevnikov 1996) . The Taimyr Peninsula is a lowland and all investigated localities (2-1 0) are located at elevations below 50 m. A transect, extending from northern taiga on the Kotui Ri er (Joe. 2) and on the Kheta Ri er (3) to forest-tundra (4-7), southern tundra (6-8), and typical tundra (9-10) in the watershed of the Khatanga Ri er was studied.
Five vegetation subzones were differentiated and consecutively numbered by Roman numerals ( Fig. 2) :
I. Northern taiga (Joe. 1-3). The timberline (boundary of zonal woodlands) delimiting this subzone northwards is formed mainly by pure larch (Larix gmelinii) forests. As considered herein, northern taiga is regarded as light, open- Fig. 2 . Map of the Taimyr Peninsula showing the location of the ten study sites (black rectangles). Numbers refer to the sites listed in the text. A dotted line shows the northern boundary of the light larch taiga, whereas solid black lines indicate the boundaries of the tundra subzones: I -northern taiga; II -forest-tundra; III -southern tundra; IVtypical tundra; V-arctic tundra; VI -polar desert. Map compiled from Chernov & Matveyeva (1997). crowned forest with <60% canopy coverage. Fallen trees are mainly exposed to direct sunlight, which slows down their decay, thus probably excluding some wood-inhabiting myxomycetes. In the Putorana Plateau, spruce (Picea obovata) is intermixed in the larch stands. On wet depressions, rich herbfields of tall perennials such as Cirsium helenioides or Heracleum sibiricum can be found in the understorey.
II. Forest tundra (loc. 1, 3, 4, 5) . Here, closed larch woodlands appear only locally under favourable conditions (e.g. , in stream valleys or on south-facing slopes), with small, widely separated trees up to 10 m in height. Logs up to 40 em thickness may occur. To the north, but also in the natural meadows of the stream valleys, shrub thickets (Duschekiafruticosa and Salix spp.) intermixed with single, small larch trees dominate. In the Putorana Plateau, tall and large thickets of willows, alder (Duschekiafruticosa), and juniper (Juniperus communis ssp. sibirica) form a subalpine forest-tundra on hillsites.
III. Southern tundra (loc. 6-8). The absolute northern boundary of trees delimits the tundra. As used here, "tundra" includes vegetation types that range from tall shrub communities up to 1.5 m high to dwarf shrub heathlands (5-20 em high) and graminoid and moss communities. The most important feature of the southern tundra subzone is the presence of shrubs (Duschekia fruticosa and Salix spp.) growing up to 1.5 m tall. These tall and closed shrub thickets are typical for "intrazonal" biotopes, such as river valleys, rivulets , and lake depressions and can provide medium-sized pieces of coarse woody debris .. IV . Typical tundra (loc. 9, 10). Low shrubs such as dwarf birch (Betula nana), up to 50 em, and various dwarf willows prevail in the typical tundra. On the ground beneath these very dense thickets, leafy litter accumulates, sheltered from the strong winds. Coarse woody debris is still present, usually as twigs 1-3 em (rarely up to 10 em) in diameter.
V . Arctic tundra (locality 1). This subzone was investigated as mountain tundra in the Putorana Plateau only. At elevations greater than 200 m, arctic mountain tundra with dwarf birch and various prostate ericaceous shrubs prevails. Locally, shrub thickets> -10 em in height occur, but grass-or lichen-rich communities dominate. Small accumulations oflitter still exist, and coarse woody debris can be found as small twigs and trunks mostly <2 em diameter. Wind-exposed sites are already free of vegetation.
VI. Polar desert (not investigated). In this subzone, mosses and lichens dominate, and shrubs grow only with subterranean twigs (e.g. Salix polaris) . The limited vegetation present forms no closed cover.
Annotated species list
The following annotated list includes all recorded species in alphabetical order. Species names are followed by the collection numbers of the first author (numbers of five or six digits) and/or the second author (numbers of fo ur digits). The string" ... " indicates common species for which not all collection numbers were listed. Determinations considered as doubtful are given with the note "cf." (confer). The total numbers of records for field and moist chamber collections (symbols "fc" and "me") are provided in brackets, followed by the locality numbers as given in Fig. 2 , with the number of records for each locality given in parentheses. Next, the distribution of species in different vegetation subzones and microhabitats is listed. The vegetation subzone is indicated by a Roman numeral. After a colon, the number of records is given, separated by a hyphen from the abbreviation of the name of the plants providing the substratum. Substratum types (listed in parentheses) were classified as following: w-decayed coarse woody debris (>10 em in diameter); For an estimation of species abundance, the percentage scale of was adapted. This is based upon the proportion of a species to the total number of records: R-rare (<0.5 %, recorded once or twice), 0-occasional (>0.5-1.5 %, 3-6 records), Ccommon (>1.5-3 %, 7-11 records), A-abundant (>3 %, more than 11 records). Since our field survey took place in June, many species of xylophilous myxomycetes that sporulate later in the year may be underrepresented. Consequently, this scale was applied to moist chamber collections only.
In the list, abbreviations used for the distribution of myxomycetes in subarctic and arctic regions were ICIceland (G¢tzsche 1984, 1990) , FL -northern biological province Inarin Lappi in Finland (Harkonen 1979b), KP -Kola Peninsula (Novozhilov & Schnittler 1997) , PU -Polar Ural, YP -Yamal Peninsula (Novozhilov et al. 1998a ), CP -northern-eastern part of the Chukchi Peninsula (Novozhilov 1986 , Stephenson et al. 1994 , AL -Alaska (Stephenson & Laursen 1990 , 1998 Stephenson et al. 1994), and GR-Greenland (G¢tzsche 1989) . Widely distributed in boreal forests but seemingly less common than the previous species in the Arctic. On the Taimyr Peninsula recorded from the northern taiga zone only, also collected from Inarin Lappi (Finland). As a typically wood-inhabiting species, it is clearly underrepresented in our study.
AArcyria incarnata (Pers.) Pers. 48964 ... ; [fc -1;mc-14].Loc.1(6), 2(7), 5 (1), 6(1).I: 2-Pic. but rare in the Arctic. -IC, PU, CP, AL, GR.
A Comatricha nigra (Pers.) J. Schrot. 48919 ... ;
[fc-5, mc-42]. Loc.1 (11), 2 (14),4(2), 5 (10), 6 (l), 7 (9). I: 2-Dus. With its long stalks and small capitula, this form approaches C. languescens in habit. Deviating characters are the large spores (9 .6-)10.2-11.4(-13.2) J..UI1 in diameter and the strongly thickened, pillow-shaped nodes of the peridial network.
0 
All of our specimens fit the description given by Whitney (1980) except that the spores rarely show a thinner area in the wall. The columella is lenticular and is borne on a short cylindrical projection of the stipe that reaches 4-8 J..lm in diameter and 2-4 J..lffi in height. The spores are minutely spinulose (Fig. 5 F) and 10-12 fJm in diameter. This species, regarded as rare, was found surprisingly often in moist chambers, preferentially on the acidic bark of Larix (pH 3.8-5.5; mean 4.3 ± 0.7).
A Echinostelium minutum deBary 49116 ... ; [me -60] . Loc. 1 (15), 2 (15), 3 (1), 4 (3), 5 (10), 7 (13), 8 (1), 9(2). 1:
. On the Taimyr Peninsula this was the most common corticolous species (pH 3.3-6.1, mean 4.5 ± 0.8). Together with the previous species, these seem to be the only two species of the genus with a preference for acidic substrata. -IC, KP, PU, YP, CP, AL, GR.
This very common and easily recognised species occurs in Taimyr Sporocarps short-stalked, subglobose or turbinate, 0.5-0.9 mm in diameter, shining, yellow to orange. Peridium thin, membranous, iridescent. Spores bright yellow in mass, light yellow by transmitted light, verrucose, 10-12 J..lill. This species approaches Trichia lutescens in habit but exhibits a capillitium structure typical for Hemitrichia.
-Lamproderma sauteri Rostaf. 48951, 48955, 48958; . Loc. 1 (3). 1: 1-grasses (1). III: 1 -Dus. (w), 1-grasses (1). Found at south-exposed slopes on litter of Duschekia. A common and variable nivicolous species, abundant in the temperate and boreal zones but still with only a few reports from Scandinavia (Fries 1912 ) and southern and central Finland (Harkonen 1979b) . Often found in nivicolous situations (Novozhilov & Schnittler 1997) this species is one of the snowbank myxomycetes and may be one of the northernmost species in this group. Our records were all weathered and must have developed in spring, thus indicating a nivicolous situation during growth. The distinguishing characteristics of this species are the smooth peridium without tubercles, the apical plate acting as a lid and the basal plates forming petaloid lobes, as well as the dark brown spore-mass with spores rosy to brown under transmitted light, reaching only 10-13 !Jill in diameter. The characters of our specimens match the type specimen of L. belmontiana (NEB 5879). D. Mitchell (pers. comm.) questioned the identity of our specimens but stated that they fit L. belmontiana better than any other species. Colour, size, and ornamentation of the spores and the ornamentation of the inner surface of the peridium are similar to L. denudescens Keller & Brooks. However, L. denudescens differs from our specimens in having a thicker outer layer of the peridium that is gelatinous in consistency when moist, finally weathering away by exposure to rain over a period of time. In this species, the moist sporangium has the appearance of a shiny golden brown ball in a drop of clear gelatine (Keller & Brooks 1977) . In addition, the peridium of L. denudescens dehisces irregularly, lacking distinct ridges and platelets ( Fig. 3 E-H ). Our specimens of L. belmontiana differ from other species of Licea with petaloid dehiscence and smooth spores (e.g., L. tuberculata, L. castanea, and L. nigromarginata) by having a thin but double-layered peridium, a deep olive to light olive brown coloration under transmitted light, lacking tubercles (pegs) along the edges of platelets, and having larger spores. Both Licea castanea and L. nigromarginata have platelet margins with pronounced tubercles, whereas L. tuberculata has a black, strongly tuberculous peridium, a yellow-brown spore-mass, and spores 9-ll!Jm in diameter.
0 Licea kleistobolus G.W. Martin 49110 ... ; [mc -6] . Loc. 2 (3), 5 (2), 7 (1).
The species as a whole is almost cosmopolitan and rather common in the boreal zone but evidently rare in the Arctic. -PU, CP, AL.
Collections 7123 and 7357 differ from the typical expression of this species by having ambercoloured fructifications and very small spores of ( 6.6-)7 .0-7 .5( -8.0) !Jill in diameter. In this form, the sporocarps are tiny, (0.08-)0.1-0.12(-0.15) mm in diameter, sessile on a broad base, globosedepressed, and always completely round in shape. This very inconspicuous form was found twice on decorticated, moderately decayed Larix logs.
A Licea minima Fr. 49103 ... ; [me-19] . Loc. 1 (4), 2 (9), 4 (1), 5 (2), 7 (2), 10 (1).
One of the most common and abundant species in the Arctic, inhabiting woody, mostly acidic debris (pH measured in four moist chambers: 3.6-3.9, mean 3.7 ± 0.1).-IC, FL, KP, YP, CP, AL, GR. Our specimens have the typical characters of this species. The firm and brittle peridium consists of 2-3 closely adherent layers and appears red-brown in transmitted light. The outer membranous layer is dark or dull due to the presence of inclusions, the dense and homogeneous middle layer is up to 2 11m thick and more or less smooth in texture, whereas a third, inner layer with a shining surface is ornamented with tiny warts, globules and tubercles near the dehiscence line. The spores are red-brown in mass, concolorous by transmitted light, thick-walled with a paler area, verruculose, and 10-13 11m in diameter.
A Licea testudinacea Nann. Our records are the first for the Arctic, but this species may be more widespread. Since it strongly resembles L. minima, it may be confused with this species. Licea testudinacea reported from Iceland, but G0tzsche's (1990) comments on the Icelandic specimens strongly indicate that they may represent L. minima.
Our material is quite typical except for the spores, which are somewhat smaller than usually described for the species (11-15 11m). Licea testudinacea appears to be most closely related to L. minima and L. chelonoides. It is distinguished from L. minima by the darker, more olive and not rusty-coloured spore mass. In the latter species, the spores are always reddish brown by transmitted light and the peridium has two or three layers. Licea chelonoides differs by having dull black sporocarps not shining when dry, platelet margins with 5 or more rows of tubercles, and spores measuring 15-18 !Jill in diameter.
-Lycogala epidendrum (L.) Fr. 48941, 48954, 48975, 48984; Widely distributed but uncommon in the Arctic. Seemingly, the availability of coarse woody debris probably limits the northern distribution of this species. The Spitsbergen record was on the remnants of a log house (Elvebakk et al. 1996) This is an extremely variable species. As reported by Hiirkonen ( 1977) , the complex of small, Comatricha-like species is very difficult to resolve taxonomically. Our collections differ slightly from each other in the development of the surface net but are separated from the very common Comatricha nigra by duller spore colour, smaller size, shorter stalks and a rigid capillitium anastomosing to form an incomplete surface net.
A Sporocarps crowded, gregarious or scattered, globose to subglobose, pulvinate to elongated, 0.2-0.7 mm in diameter. Sessile on a constricted base, not iridescent but glossy and shining, buffyellow, orange-yellow to apricot-orange, dehiscing more or less irregularly. Peridium persistent, double; outer layer closely adherent to the membranous inner layer, rough, bearing numerous large tubercles, more or less cartilaginous, brittle, fairly evenly thick, probably without lime, yellow-brown in transmitted light, shining, opaque with granular deposits. Inner layer membranous, rather elastic, thin, delicate, translucent in transmitted light, limeless. Hypothallus inconspicuous, scanty. Capillitium absent. Spores orangeyellow, yellowish brown, honey yellow, or orange-golden in mass, bright to buff yellow in transmitted light, globose, wall of uniform thickness and colour, neither areolate nor with a germination pore, minutely roughened (asperulate) under an oil immersion lens, or verruculose (delicately warted), complete and evenly ornamented, 14.0-15.0 !JID in diameter. The epispore belongs to the pilate type (Rammeloo 197 4) . Verrucae consist of small pila which are more or less evenly distributed on the spore surface; the capita of pila are separate or sometimes connected to one another and relatively large, 0.1-0.4 !JID wide, with 3-6 small tubercles.
Our specimens differ strongly from all other coprophilous species of Licea and Perichaena with a golden-yellow spore mass. In habit and sporocarp size they resemble Perichaena liceaides Rostaf. emend Gilert and L. tenera Jahn. The main differences between these species and the Taimyr specimens are spore size and ornamentation. Perichaena liceoides has spores 9.2-10 !JID in diameter which are evenly covered with prominent spines (Gilert 1990 , Ukkola et al. 1996 . According to the original description (J ahn 1918), L. tenera has faintly spinulose spores, 10-12 (-13) !JID in diameter and with a thinner-walled area on one side. Our specimens approach some Licea species not only in general habit but also in the absence of a capillitium. However, the pres-ence or absence of a capillitium as a taxonomically important character has been questioned (Alexopoulos 1976; Eliasson 1977; Keller & Brooks 1971) . We assume that the Taimyr specimens represent another taxon intermediate between Perichaena and Licea. It can be tentatively placed within the facultatively fimicolous group of species within the genus Perichaena that includes P chrysosperma, P depressa, P minor, P pedata, P quadrata, and P corticalis var. liceoides ( Cosmopolitan, but apparently less common than P. chrysosperma in the Arctic. -AL, GR.
Our collections consist of two ecological forms. All specimens on decayed wood and bark of living trees and shrubs are typical for the corticolous form of this species, having a rather thick, dark brown peridium, and scanty capillitium. In contrast, the field collection from grassy litter shows a membranous, thin peridium and numerous elastic capillitial threads consisting of filaments 2.0-3.0 11m in diameter, densely ornamented with warts and short spines. The primary ornamentation of the inner surface of the peridium consists of rather sparse warts of irregular form, up to 0.5 11m wide.
C Physarum bivalve Pers. 49118 ... ; [me-7] . Loc. 1 (1), 2 (4), 7 (2). 1: 2-Dus. Three collections are immature, but two (7138, 49192) are mature, consisting of numerous, crowded but not heaped sporocarps, or (very seldom) short plasmodiocarps that are 0.3-0.5 mm wide and globose in cross-section, sessile with a restricted base on an inconspicuous hypothallus. Capillitium a dense, three-dimensional network of translucent, colourless and often flattened threads 2-3(-10) 11m in diameter, with numerous elongated but very inconspicuous and not sharply separated, ash-grey nodes of granular lime 20-50 11m in length. Spores violaceousbrown in mass, globose, very pale violaceous grey under transmitted light, ornamented with slightly irregularly distributed, very fine warts less than 0.15 11m in height but visible clearly under an oil immersion lens, (8.1-)8.5-9.7(-10.5) f.1ill in diameter. Our specimens agree with the description of P nudum and cannot be placed elsewhere with more certainty. They could be confused with a limeless form of P cinereum, but the latter species is found in a different microhabitat (litter). One of the northernmost records for this species.
-Stemonitis axifera (Bull.) T. Macbr. 48962, 48968; Typically, the first sporocarps appear in moist chamber culture only after one or two months on very wet litter, often directly under a thin water film. Rare elsewhere, this species is surprisingly often recorded in the Arctic, always on leafy litter. -IC, PU, YP, CP, AL, GR.
This species resembles T botrytis, to which it is probably most closely related. Our material agrees well with the description of specimens from Iceland and Greenland (G¢tzsche 1989, 1990) . 
GR

Results and discussion
Our survey is the first systematic study of myxomycetes of north-central Siberia carried out with the moist chamber technique. Data on the frequency of myxomycetes on various substrata are given in Table 1 . Substrata were classified as follows : coarse woody debris (decaying logs, branches, and twigs more than 2.5 em in diameter, hereafter referred to as "wood"), litter of various types (leaves, grasses, dead stems of herbaceous plants), and dung of herbivorous animals. From the 270 moist chamber cultures prepared, 331 collections and 48 species were obtained in 145 (54%) cultures positive for myxomycetes (Table 2) .
The mean value for the number of species per moist chamber culture was calculated as 1.22 ± 0.09. The most productive substratum was wood, preferentially logs, trunks and snags of trees and larger shrubs. Sixty-four (6690) of97 moist chamber cultures prepared with wood were positive for myxomycetes. From 80 cultures prepared with the bark ofliving trees and shrubs, 51 (64%) were positive for myxomycetes. Various types of litter samples were used to prepare 63 moist chamber cultures; 23 (37%) of these yielded myxomycetes. From 30 moist chamber cultures prepared with animal droppings, only 7 (23 %) were positive.
Transportation opportunities confined our sur ey time to June and July of the years 1995 and 1996, which is definitely earlier than the peak fructification period of most wood-inhabitin g myxomycetes. Only 39 field collections representing 19 species were obtained and 8 of these species were found exclusively in the field . As such , our total of 56 species in 26 genera represents only a preliminary account of the myxomycete biota of the region , which undoubtedly could be supplemented by records of numerous wood-inhabiting species.
Myxomycete habitats
Very often, arctic and subarctic regions are perceived as a monotonous landscape with a limited number of vascular plants and a dominance of cryptogams. But even the few taller plants present form numerous microhabitats with different conditions of soil, mesoclimate, microclimate, and microrelief. As a result, thus , the microhabitat diversity in arctic landscapes is almost comparable to that of boreal regions (Chernov & Matveyeva 1997) . However, most substrata, especially woody ones, are present at a much lower density. In spite of the scarcity of trees, the foresttundra as well as the northern taiga provides all microhabitats typically found in boreal forests, but most of the substrata are less sheltered from wind, rain, and direct sunlight. The quantity and quality of microhabitats suitable for myxomycete growth and development decrease considerably northwards to the southern and typical tundra. The most striking difference is the reduction in coarse woody debris, including logs, trunks and snags north of the timberline. The southern tundra is characterised by tall shrub communities in sheltered places, on the Taimyr Peninsula consisting mainly in Duschekia fruticosa and different species of willows having Table 1 . Occurrence of m xomycetes on various types of substrata collected from all vegetation subzones of the Taimyr Peninsula. Data from southern tundra, typical tundra, arctic tundra and mountain tundra were combined in one set. Single numbers or numbers before a slash indicate records from moist chamber cultures, those after a slash represent collections made in the fie ld. Abbreviations used for the substrata are: w-coarse woody debris, !-litter, b-bark of living trees and shrubs, and d-dung of herbivorous animals. trunks up to 10 em thick. But shrub thickets with trunks up to 3 em thick may occur even in typical tundra. On the other hand, patches of tundralike vegetation can occur already in the northern taiga on exposed sites. In the lowlands of the Taimyr Peninsula, all subzones differentiated herein on the basis of vegetation structure form a mosaic pattern over wide areas. Moist chamber cultures prepared with samples of wood yielded 37 species representing 16 genera of myxomycetes. This microhabitat showed the highest diversity (H' = 1.29, 178 collections) and species richness. The mean value for number of species per moist chamber culture prepared with wood was 1.82 ± 0.19, with up to 10 taxa per culture (Table 2) .
Wood has a wide range of chemical and physical characteristics (Stephenson 1988; Samuelsson eta!. 1994) . As a result, it can be seen that considerable variation exists among the various species with respect to patterns of substratum relationships. The most common species were Echinostelium minutum (37 collections), Arcyria cinerea (20), Licea minima (13) cea (13), Arcyria incarnata (13) , Paradiacheopsis fimbriata (10), and Comatricha nigra (10). Wood-inhabiting species were found surprisingly often on even tiny branchlets. A good example is C. nigra, which was often collected on small, decorticated branchlets of Duschekia or Salix. Echinostelium minutum, Licea spp., and Perichaena spp. were found on small decaying twigs (sometimes only 5 mm in diameter) or under the exfoliating bark of branchlets intermixed with leafy litter in dense shrub thickets. Thus, the timberline is not an absolute biogeographic "barrier" for wood-inhabiting myxomycetes. Some typically wood-inhabiting species occur far into the tundra, using different types of microhabitats such as litter, twigs, bark of living shrubs, and dung of animals. Arcyria cinerea, Echinostelium minutum , and Perichaena depressa were found sporadically on animal dung. Here, dung as a second microhabitat seemingly allows a particular species to extend its range farther northwards . Wood-inhabiting myxomycetes were found to be the largest ecological group (44 taxa) in spite of the fact that species not regularly occurring in moist chambers are certainly underrepresented in our survey. The species of Trichia illustrate this; all species except T. varia were recorded only sporadically from moist chambers but not as field collections.
Twenty-one species in 12 genera were collected on the bark of living trees and shrubs from 80 moist chamber cultures (H' = 1.03, 102 collections). Both a low number of species (21) and a few exceedingly abundant species (e.g., Comatricha nigra: 31 collections) explain the relatively low diversity index value. An average species number of 1.27 ± 0.13 per culture, with a maximum of 5 taxa in one moist chamber, was recorded (Table 2) .
Larix gmelinii, the most common tree forming the timberline, has a bark pH of 2.6-4.7 (mean from 46 collections: 3.7 ± 0.1 ), followed by Salix spp. with 3.5-5.9 (mean from 14 collections: 4.8 ± 0.2), and Duschekiafruticosa with 4.7-6.4 (mean from 9 collections: 5.6 ± 0.2). The two conifers (L. gmelinii and Picea obovata) have a scaly and fissured bark, but species di ersity (H' = 0.85, 81 collections) was similar to that found for the smooth bark of deciduous shrubs (Duschekia fruticosa and Salix spp. , H' = 0.84, 32 collections). However, the species per culture ratio was lower for coniferous bark (mean from 53 cultures: 1.2 ± 0.2) than for bark from deciduous shrubs (1.6 ± 0.3). From the 21 species found on bark, only Comatricha nigra (31 records), Echinostelium minutum (13), Arcyria cinerea (11 ), and Paradiacheopsis fimbriata (10) are predominantly corticolous. Both average yield of moist chambers as well as Shannon diversity indexes are slightly higher than those reported for the acidic bark of coniferous trees (Picea rubens and Tsuga canadensis) in the temperate forests of southwestern Virginia of the United States (Stephenson 1989) . Most of the species of myxomycetes encountered in the present study appear to have a relatively wide pH tolerance but show different pH optima. As a general observation, corticolous species seem to have more narrow pH amplitudes than wood-inhabiting species . Comatricha nigra was collected 30 times on the bark of living Larix and Picea but only once on the bark of Duschekia fruticosa; Paradiacheopsis fimbriata was found only on Larix (10 times on bark of living Larix and 10 records from Larix logs); and Physarum cf. nudum appeared exclusively on the bark of Larix. The most probable reason is the low pH of the bark of all common coniferous substrata samples in the present study.
Sixteen species in 8 genera were collected on litter from 63 moist chamber cultures (H' = 1.05, 40 collections, mean 0.63 ± 0.13 species per culture). Especially in the tundra, litter plays an important role as a microhabitat, accumulating in deep shade in the southern tundra under dense thickets of Duschekia and Salix up to 1.5 m tall. But even the wind-sheltering effects of the dwarf shrubs that prevail in the typical and northern tundra is enormous.
Measurements of microclimate conditions associated with the arctic-alpine dwarf shrub Loiseleuria procumbens in the Austrian Alps revealed a reduction of wind velocity from 16 rn!s at 3 em height to almost 0 rn!s on the ground, a minimum air relative humidity of 80% even on dry and sunny days, and a pronounced heating effect, enhancing temperatures from 12 oc on the shrub canopy (3 em high) to more than 45 oc on ground (Chernusca 1976) . Similar effects can be assumed for the Taimyr Peninsula with its continental climate. Such shrub thickets work as natural moist chambers, especially for litter myxomycetes, allowing them to deYelop as far north as shrubs occur. Species such as Arcyria cinerea (6 collections), Echinostelium minutum (9), Physarum bivalve (6), and Trichia munda (3) were most abundant in litter cultures. Except Physarum bivalve, all of these species also grow on other substratum types such as wood and bark. One explanation for this phenomenon could be the similar low average pH of litter (5.9 ± 0.1, 45 samples). However, only the probably ni icole Lamproderma sauteri (2 collections) and Physarum bivalve (6) re ealed a clear preference for litter. With only 20 species recorded, the survey for litter-inhabiting myxomycetes is probably incomplete. Detailed investigations of herbfields occurring in wet depressions and along streams in the northern taiga and forest-tundra might well reveal a whole assemblage of litter-inhabiting species. Such communities were seen at the foot of the " Krasnyi Kamen' " hills (locality I), where a dense cover of herbaceous plants (e.g. , Cirsium helenioides and various umbellifers) up to I m tall provides large amounts of soft, decaying plant detritus, often with the hollow stems lying in the dense shade under the new shoots.
Dung-inhabiting myxomycetes are widely distributed within the Arctic (Cox 1981 , G¢tzsche 1989 , Eliasson & Keller 1999 , but this microhabitat was not very productive in the present study (H' = 0.88, 11 collections, mean 0.32 ± 0.11 species per culture). With only six species recorded from 25 substratum samples, the dung of herbivorous animals was significantly less productive than in arid zones of the world (Blackwell & Gilbertson 1980; Novozhilov & Golubeva 1986) . The main reason might again be the relative acidity of dung in our study (4.6-7.3, mean 5.9 ± 0.1). Presumably, all other conditions should be sufficient for myxomycete growth and development. The dung of the polar partridge was often encountered in dense shrub thickets , where the birds can find shelter. Besides Didymium difforme, Perichaena depressa, and the apparently new species of Perichaena, no myxomycetes were found exclusively on this substratum.
Noteworthy are the three weathered specimens of Lamproderma sauteri collected from a steep, south-exposed hillslope. According to our experience, this is a species found in nivicolous situations. As such, these specimens would establish the northernmost known records of a nivicolous myxomycete.
Distribution patterns of myxomycetes in the vegetation subzones of the Taimyr Peninsula
Results of moist chamber cultures obtained for all substratum types in the different vegetation subzones are presented in Table 2 . Due to the patchy nature of the vegetation, collections from one geographical locality may be assigned to more than one subzone. In general, the species richness of myxomycetes decreases northwards.
The Shannon diversity index for the taiga (H' = 1.31) is slightly higher than the alue for the forest-tundra (H' = 1.28), whereas the value for the tundra is much lower (H' = 0.99). However, this pattern differs among particular ecological groups. For example, the mean value of the number of wood-inhabiting species per moist chamber culture decreases from 3.54 in the taiga to 1.66 and 1.13 in the forest-tundra and tundra, respectively. This correlates with a decrease in species richness and diversity (Table 2) . Corticolous myxomycetes exhibit similar patterns. In contrast, litter-inhabiting myxomycetes exhibit a higher diversity in forest-tundra (H' = 1.01) and tundra (H' = 0.90) than in the taiga (H '= 0.58). Myxomycetes cultured from dung in the taiga subzone occurred too sporadically to indicate any distribution trends.
In the tundra, myxomycetes are represented mainly by multizonal and even cosmopolitan species. Many boreal species are widely distributed within the northern taiga and can be found also in forest-tundra and tundra vegetation. As noted abo e, some multizonal species show high population density in the southern tundra. However, only Echinostelium minutum (2 collections), Didymium dubium (2), Craterium leucocephalum (1) , Licea minima (1 ), and L. testudinacea ( 1) were recorded for typical tundra (localities 9, 10). In addition, Arcyria cinerea (2 collections) and Trichia munda (1) were recorded in areas with mountain tundra on the Putorana Plateau and also may occur in the typical lowland tundra of the Taimyr Peninsula. Presumably, differences among myxomycete assemblages in taiga, forest-tundra, and tundra are more the result of differences in the abundance of shared species than actual differences in species composition. Only one species (Licea belmontiana) was recorded mainly in the southern tundra zone (7 collections, 70% of all collections). When coefficient of community indices were used as a measure to compare vegetation subzones, values between 0.53 and 0.66 were calculated (Table 3) .
Although myxomycetes were represented in the tundra by almost the same number offamilies and genera as in forest-taiga and taiga, species numbers in the tundra were much lower. (Table 3) . Among myxomycete families, members of the Trichiaceae (represented by 88 collections, 17 species, and 6 genera) and Stemonitaceae (76 collections, 8 species, and 5 genera) were found to be most abundant in the Taimyr Peninsula. Both families contain many species able to endure a low substratum pH. This trend was observed also in other areas of the arctic and the subarctic regions (Novozhilov et a!. 1998b) . In general, the species per genus (S/R) ratio, ranging from 1.4 to 2.4 within the three vegetation zones, is low compared with values obtained for temperate or tropical regions, where the SIR ratio, ranges from 2.2 to 4.6 (Novozhilov 1985 ; Stephenson eta!. 1993 ).
As shown in Table 4 , the myxomycete biota of the Taimyr Peninsula is similar to those reported for other arctic and subarctic regions. Expressed as coefficient of community (CC) index, Russian northern Karelia has the most similar myxomycete biota (CC = 0.51). Values for the northern taiga (Finland, Russian Karelia) range from 0.35 to 0.51, whereas the data sets for temperate, tropical, mediterranean, and desert vegetation range from 0.20 to 0.36. As might be expected, CC values for the desert zone reveal the least degree of similarity (0.20). Even when comparing our results with the data set from the most similar vegetation zone (Russian Karelia), the CC value is surprisingly low. An obvious reason is that many species not appearing in moist chambers are underrepresented in the present survey.
On the other hand, in comparison to surveys from the northern taiga that included results from many moist chamber cultures (Finland, Russian Karelia), the number of species recorded only in the present study was surprisingly high. Although most of these species are rare, our data point towards a certain degree of distinctiveness for the Taimyr myxomycete biota. On the other hand, it must be stated that many species (e.g., Echinostelium minutum, Comatricha nigra, and Arcyria cinerea as the three most abundant species) commonly recorded from the Taimyr Penin- Notes. Boreal zone, coniferous forest (taiga): Russian northern Kare!ia (RK) - ; Finland (FL) - (Harkonen 1978 (Harkonen , 1979a (Harkonen , b, 1981 (Harkonen a, b, 1989 (Binyamini 1986 (Binyamini , 1987 (Binyamini , 1991 Lado 1994; Ramon 1968) (Schnittler, pers. comm.) .
sula are widely distributed throughout the world, having rather wide ecological amplitudes. Of the 56 species listed herein, only 28 were found more than twice (Table 1) . At present, from surveys carried out in high-latitude regions of the northern hemisphere (the range of latitudes represented by the various study areas extends from 59° to n oN), 150 myxomycete species from about 1800 collections are known (S.L. Stephenson, pers. comm.) , compared with approximately 275 species from eastern north America (Martin & Alexopoulos 1969) and 300 from India (Venkataramani & Kalyanasundaram 1986) .
What are the distribution limits for myxomycetes in arctic regions?
Obviously, the main factors for the decrease in the number of myxomycete species in arctic regions are unfavourable temperature conditions and the reduced range and extent of available microhabitats. Along with the surveys from Alaska (Stephenson & Laursen 1993 , 1998 and Greenland (G0tzsche 1989), our survey is the northernmost one carried out thus far. With a high degree of continentality and extremely low winter temperatures, the climate of the Taimyr Peninsula is definitely very harsh, but the 56 myxomycete species recorded indicate that winter temperature is certainly not a limiting factor for myxomycete distribution. A more important factor seems to be the mean July temperature. In the Taimyr Peninsula at 70° N, the mean July temperature usually varies between 10° and 12 oc (Chernov & Matveyeva 1997; Roman ova 1971 ) , which is a relatively high value for this latitude. In the southern tundra and the forest-tundra, daily air temperatures of 25 °C can prevail for more than a week. Presumably, this is the reason why a species like Cribraria violacea with a mainly tropical distribution and a short development cycle can grow successfully, whereas numerous litter species of Didymium and Physarum (often common in temperate regions) with longer development times are seemingly absent.
For many cryptogams, fungi, insects or small animals, a lack of coarse woody debris is certainly a factor limiting their northern distribution (Samuelsson eta!. 1994) . In the present study, many myxomycetes were found also on tiny branchlets, although others with large fructifica-tions, such as Lycogala epidendrum, seem to be confined to larger logs. This may explain the only record of this species from Spitsbergen (Elvebakk et al. 1996) , which was collected from the remnants of a wooden loghouse. Also, Enteridium splendens var. juranum was found exclusively on logs with a diameter >20 em. In contrast, litter is available as a substratum even far north in typical tundra, and species of myxomycetes specialised for this substratum type may be more limited by macroclimate. In addition, the low levels of nutrients (especially nitrogen) in arctic soils may be a limiting factor, as possibly indicated by the virtual absence of the elsewhere common Didymium difforme, usually associated with nitrogen-rich substrata. In the north, this species may switch to dung. In Russian Karelia, it was found twice on litter and once on dung , and in the Kola Peninsula (Novozhilov & Schnittler 1997 ) once on dung.
The low pH values recorded for most substrata very probably constitute another limiting factor for myxomycete occurrence in the north, especially for many members of the Physarales, and certainly for bark-inhabiting species. All sampled substrata were rather acidic, especially bark (mean 4.2±0.1 , 83 samples measured), followed by wood (4.9±0.1, 51 samples), litter (5 .9±0.1, 45 samples), and dung (5.9±0.1, 25 samples). In summary, there is a strong evidence that at least on the Taimyr Peninsula with its higher summer temperatures the northern limits of myxomycete distribution are much more determined by microhabitat availability than by macroclimatic conditions.
